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(54) DEVICE FOR REPRODUCING OPTICAL RECORDING MEDIUM 



(57) An apparatus comprising an optical pickup for 
reproducing information stored on optical recording 
media, which automatically set conditions for reproduc- 
tions individual recording media loaded into a drive so 
as to obtain compatibility with different types of media. 

1 OPTICAL RECORDING MEDIUM REPRODUCING APPARATUS 



Even when an optical recording medium for low-density 
recording is loaded, the recorded information can be 
reliably reproduced. 
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Description 
Technical Field 

s The present invention relates to an optical recording medium reproducing apparatus, and in particular to an optical 

recording medium reproducing apparatus adapted to reproduce optically recorded information recorded on an optical 
recording medium by irradiating the medium with a light spot of a laser beam. 

Background Art 

70 

Compact discs (CDs) have conventionally been used as optical recording medium reproducing apparatus of this 
' /kS ""I 6 ' 6 !" u. 35 an °P ticaLrecordin 9 medium is irradiated via an optical system 0.45Jn numerical-aperture 
(NA) with a laser beam 780 [nm] in wave length which is generated by a laser diode 

con '," T 8nt r &TS ' however ' new laser beam sources Wl 'th a wave length smaller than 780 [nm] (for example red = 
is 680 [nm], and semiconductor lasers of green and blue) have been developed as light sources for optical recording 
med.um reproducing apparatuses. These new laser beam sources serve to implement recording medium reproducing 
apparatuses that can reproduce recording media with a higher recording density than compact discs. These recording 
medium reproducing apparatuses that can reproduce recording media with a higher recording density than compact 
discs desirably have a compatible reproducing function that also enables conventional compact discs (CDs) to be repro- 

20 QUCed. 

The diameter of the light spot that can be formed by a laser beam of a large wave length is selected so as to be 
somewhat targer than the width W1 of pits P1 formed in the compact disc as recorded information as shown by refer- 
ence LI in Fig. 1 (A). This allows the light spot L1 to constantly lie across the width W1 during movement when entering 
the pit Pi from land to scan it. y 

25 „ Si9 u a ' (her ? after referred t0 as an " RF s, 'sna'") can thus be obtained from an optical pickup based on light 

reflected from the compact disc because of the light spot L1 in Fig. 1 (A). The RF signal falls from a first signal level LV1 1 
to a second signal level LV12 when the light spot LI passes through the end of the pit P1 . and subsequently maintains 
the s.gnal level LV1 2 until the light spot L1 has passed the pit P 1 with itself lying across the pit PI , as shown in Fig 1 (B) 
This results in a sum signal in which the signal level changes in response to the lengths of the land and the pit P1 
so because the light spot LI scans both the land and the pit PI . 

«. ^V h ^ 9na ' 'r e, ' 0f thS RF Si9nal RF1 decreases durin 9 scanning due to the interference between light 
reflected from the pit P1 and light reflected from a reflecting surface (the land) located around the pit PI This also 
occurs when a l.ght spot L2 of a relatively small wave length scans a pit P2 formed in an optical disc that has a higher 
recording density than the compact discs. y 

Each time the light spot L2 formed by a laser beam of a relatively small wave length enters the pit P2 an RF signal 
RF2. the signal level of which changes from LV21 to LV22 in response to recorded information can be obtained as 
shown in Fig. 2(B). w 

The light spot L2 formed by a laser beam of a relatively small wave length can be converged on a small diameter 
compared to the light spot L1 formed by a laser beam of a relatively large wave length, so the width W2 of the oit P2 

^^•l? m f^ ! han ^V*T W1 °' the Plt P1 • AS 3 reSult ° ptl ' Cal reCOrdin 9 medium reproducing apparatuses using 
the light spot L2 formed by a laser beam of a relatively small wave length deal with a high recording density, while optical 
recording med.um reproducing apparatuses using the light spot L1 formed by a laser beam of a relatively large wave 
length cope with a low recording density. 

If a high recording density optical recording medium reproducing apparatus is used to directly reproduce a compact 
disc (CD) designed to be reproduced by a low recording density optical recording medium reproducing apparatus the 
diameter of the light spot L2 is smaller than or equal to the width W1 of the pit PI. as shown in Fig. 3(A) In this case 
light reflected from the land and light reflected from the pit P1 interfere with each other when the light spot L2 enters 
and leaves the pit PI. whereas no interference occurs while the light spot L2 is scanning the pit P1 because it is totally 
included ! within the pit P1 . The signal level of an RF signal RF3 changes from LV31 to LV32 only at both ends of the pit 
so fi, as shown in Fig. 3(B). 

Although the signals shown in Fig. 1 (B) and 2(B) can be detected by integral detection, the signal shown in Fig 3(B) 
cannot be detected by such detection but requires differential detection. The differential detection however has a 
higher error rate than the integral detection. 

This invention is proposed in view of the above points, and its objective is to provide an optical recording medium 
55 reproducing apparatus that performs reproducing operations using a light spot formed by a laser beam of a relatively 
small wave length and which can compatibly reproduce low recording density optical recording media 
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Disclosure of the Invention 

This invention provides an optical recording medium reproducing apparatus that reproduces information recorded 
on an optical recording medium with a plurality of pits formed along tracks based on the recorded information, compris- 
" 5 ing: a laser beam emitting means for emitting a laser beam; a focus control means for controlling the focusing of the 
laser beam on the optical recording medium; and a control means for controlling the focus control means so as to 
increase the spot diameter of the laser beam emitted onto the optical recording medium when the medium has a low 
recording density with pits relatively sparsely arranged compared to the case in which the medium has a high recording 
density with pits relatively densely arranged. 
io Thus, when the optical recording medium mounted in the optical recording medium reproducing apparatus has a 
low recording density, this invention enables the information recorded in the tracks of the mounted low recording density 
recording medium to be reliably reproduced as in high recording density recording media, by using the control, means 
to control the focus control means so as to increase the spot diameter of the laser beam. 

According to this invention, to provide control in such a way that the spot diameter of the laser beam will be 

is increased, the control means supplies different focus bias values depending upon whether the optical recording 
medium has a high or a low recording density. 

In addition, this invention comprises a light receiving means for receiving a laser beam reflected from the optical 
recording medium; a servo error signal generating means for generating a servo error signal based on an output signal 
from the light receiving means; a polarity detecting means for detecting the polarity of the servo error signal; and a 

20 polarity selecting means for selecting the polarity of the servo error signal based on an output signal from the polarity 
detecting means, thereby reliably enabling the optical recording medium to enter a servo operation state even when the 
polarity of the servo error signal from the optical recording medium differs from that of standard optical recording media. 

In addition, this invention comprises a light receiving means for receiving a laser beam reflected from the optical 
recording medium; a read (RF) signal generating means for generating a read (RF) signal for the recorded information 

25 based on an output signal from the light receiving means; a tangential push-pull signal generating means for generating 
a tangential push-pull signal based on the output signal from the light receiving means; an error detecting means foe 
detecting the error conditions of the output signal from the light receiving means; and a selecting means for selectively 
outputting the read (RF) or tangential push-pull signal, wherein the control means controls the selecting means based 
on an output signal from the error detecting means. This constitution enables the selecting means to select the tangen- 

30 tial push-pull signal (or a differential detection signal) in order to switch to a state in which the recorded information can 
be reliably reproduced, when no read (RF) signal (or integral detection signal) of a sufficient magnitude of signal level 
can be obtained to prevent the recorded information from being completely reproduced. 

Furthermore, this invention comprises a light receiving means for receiving a laser beam reflected from the optical 
recording medium; an input read (RF) signal generating means for generating an input read (RF) signal for the recorded 

35 information based on an output signal from the light receiving means; a tracking error generating means for generating 
a tracking error signal based on the output signal from the light receiving means; an automatic level control means for 
providing control so as to maintain a constant signal level of the input read (RF) signal and outputting an output read 
(RF) signal; and a normalizing means for normalizing the signal level of the tracking error signal based on the signal 
level of the input read (RF) signal, thereby enabling the mounted optical recording medium to perform stable tracking 

40 operations even when the medium has an extremely high or low reflectance. 

This invention thus employs an optical pickup that forms a light spot of a small wave length in order to reproduce 
an optical recording medium with a high recording density of recorded information, and can automatically set optimal 
reproducing conditions when a low recording density optical recording medium is mounted instead of the current high 
recording density optical recording medium, thereby enabling the implementation of an optical recording medium repro- 

45 ducing apparatus that can compatibly reproduce various optical recording media. 

Brief Description of the Drawings 

Figs. 1(A) and 1(B) are a schematic diagram and a signal waveform chart, respectively, describing the case in 
so which a light spot formed by a laser beam of a large wave length reproduces pits with information sparsely recorded 
therein. 

Figs. 2(A) and 2(B) are a schematic diagram and a signal waveform chart, respectively, showing a method for using 
a light spot formed by a laser beam of a small wave length in order to reproduce pits with information densely recorded 
therein. 

55 Figs. 3(A) and 3(B) are a schematic diagram and a signal waveform chart, respectively, describing problems occur- 

ring when a light spot formed by a laser beam of a small wave length reproduces pits with information sparsely recorded 
therein. 

Fig. 4 is a block diagram showing the overall configuration of an optical recording medium reproducing apparatus 
according to this invention. 
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Fig. 5 is a connection diagram showing the detailed constitution of a matrix circuit i3 in Fig. 4. 

Fig. 6 is a connection diagram showing the detailed constitution of an asymmetry modulation degree detectina cir- 
cuit 58 in Fig. 4. 

Fig. 7 is a signal waveform chart showing reproduction signals for recorded information 1 1T to 3T. 
Figs. 8(A) to 8(C) are a schematic diagram and a signal waveform chart describing a signal from each component 
of the asymmetry modulation degree detecting circuit 58 in Fig. 6. 
Fig. 9 is a flowchart showing a procedure for calibration. 

Fig. 10 is a flowchart showing a subroutine RTl for inputting a default focus bias value in Fig. 9. 
Fig. 1 1 is a flowchart showing a subroutine RT2 for determining the tracking polarity in Fig. 9. 
Fig. 12 is a flowchart showing a subroutine RT3 for first focus bias value adjustment in Fig. 9. 
Fig. 13 is a table showing the relationship between the absolute time in the pregroove (ATIP) and the preset focus 
bias value processed in Fig. 12. 

Fig. 14 is a flowchart showing a subroutine RT4 for a second focus bias value adjustment in Fig. 9. 
Fig. 15 is a flowchart showing the subroutine RT4 for the second focus bias value adjustment in Fig. 9. 
Fig. 16 is a flowchart showing the subroutine RT4 for the second focus bias value adjustment in Fig. 9. 
Fig. 17 is a flowchart showing a subroutine for a first selecting method which is included in a subroutine RT5 for 
selecting an RF signal in Fig, 9. 

Figs. 18(A) to 18(D) are a schematic diagram and signal waveform charts describing an integrally and a differen- 
tially detecting methods. 

Fig. 19 is a flowchart showing a subroutine RT52 for a third selecting method which is included in the subrorntine 
RT5 for selecting an RF signal in Fig. 9. 

Fig. 20 is a flowchart showing a subroutine RT53 for the third selecting method which is included in the subroutine 
RT5 for selecting an RF signal in Fig. 9. 

Fig. 21 is a flowchart showing a subroutine RT54 for a fourth selecting method which is included in the subroutine 
25 RT5 for selecting an RF signal in Fig. 9. 

Fig. 22 is a flowchart showing a reproducing procedure. 

Best Mode for Carrying Out the Invention 
30 One embodiment of this invention is described below in detail with reference to the drawings. 

(1) Overall Constitution 
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Fig. 4 generally shows an optical recording medium reproducing apparatus as 1 wherein a laser beam emitted from 
an optical pickup 5 forms a light spot on a disc 4 as an optical recording medium rotated by a spindle motor 3. The laser 
beam has a relatively small wave length that is optimal for the reproduction of high recording density discs. 

As described above in Fig. 2, the optical pickup 5 sequentially passes through a collimator lens 7, a beam splitter 
8, and an objective lens 9, a laser beam from a laser diode 6 for generating a light beam of a relatively small wave length 
which reads high recording density discs, thereby forming irradiation light LA1 , with which the disc 4 is irradiated. The 
optical pickup 5 also sequentially passes return light LA2 through the objective lens 9, the beam splitter 8, and a len- 
ticular lens 10, and the light is then divided through a grating (not shown) into a quarterly dividing detector 1 1A with 
detecting elements A, B, C, and D and two dividing detectors 1 1 B and 1 1C with detecting elements E and F, and G and 
H, respectively, and then enters the disc. 

The detecting elements A, B, C, and D, and E, F, G, and H apply detection signals SA ( SB, SC, and SD, SE and SF, 
and SG and SH corresponding to the distribution of the light intensity over the four-split detector 1 1 A and the halving 
detectors 1 1 B and 1 1C, respectively, which is generated by the return light LA2, to a matrix circuit 13 via amplifying cir- 
cuits 12A, 12B, 12C, and 12D, 12E and 12F, and 12G and 12H, respectively. 

As shown in Fig. 5, the matrix circuit 13 has a focusing error signal forming circuit 13A for forming a focusing error 
signal FE (= (SA + SC) - (SB + SD)) based on astigmatism. 

The matrix circuit 13 also has a tracking error signal forming circuit 13B for forming a tracking error signal 
TE (= ((SA + SD) - (SB + SC)) - x ((SE + SG) - (SF + SH))) using the detection signals SA and SD, and SB and SC 
from the detecting elements of the four-split detector 1 1 A, A and D, and B and C, respectively, based on the differential 
push-pull method. 

The tracking error signal may be formed as TE (= (SA + SD) - (SB + SC)) based on the push-pull method. The 
55 matrix circuit 13 also has a sum signal (RF signal) forming circuit 13C for forming an RF signal 
RF (= SA + SB + SC + SD ) using the detection signals from all the detecting elements A, B, C, and D, based on the 
integral detecting method. 

The matrix circuit 13 also has a tangential push-pull signal forming circuit 13D for forming a tangential push-pull sig- 
nal TPP (= (SA + SB) • (SC + SD)) using the detection signal from the two detecting elements A and B and the detec- 
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tion signal from the two detecting elements C and D in such a way that the light spot is divided into two in the direction 
perpendicular to the light spot scanning direction, based on the differential detecting method. 

The matrix circuit 13 also has a push-pull signal forming circuit 13E used when a recordable optical disc with a pre- 
groove (for example, a CD-R, CD-MO, or CD-E) is to be reproduced, in order to form a push-pull signal 

5 PP (= (SA + SD) - (SB + SC)) as the difference between the detection signal from the two detecting elements A and D 
and the detection signals from the two detecting elements B and C based on the push-pull method, in such a way that 
the light spot is divided along a parting line extending along the light spot scanning direction. 

In this case, the pregroove is provided beforehand in that region of the recordable optical disc in which data has not 
been recorded yet in order to enable tracking. That is, the push-pull signal PP is used to reproduce recordable optical 

w discs. 

In the matrix circuit 13, the signal thus formed on the basis of the detection signals SA, SB, SC, and SD from the 
detecting elements .A,_B,.C, and .D is -used via a bus 14 for arithmetic processing, in which a central processing , unit 
(CPU) 15 executes programs stored in a preset ROM 16 using a RAM 1 7 as a work memory. Based on the results of 
the arithmetic operation, the optical pickup 5 is then controlled so as to perform a reading operation in optimal repro- 
15 ducing conditions for the disc 4 mounted on a spindle motor 3. 

The focusing error signal FE obtained from the focusing error signal forming circuit 13A (Fig. 5) in the matrix circuit 
13 is delivered to a drive circuit 23 via a summing circuit 21 and a phase compensating circuit 22. This allows the pro- 
vision of drive output to a focusing actuator 24 for the optical pickup 5 which causes the focusing error signal to have a 
negative focus bias value, resulting in the formation of a focusing servo loop. 
20 In this focusing servo loop according to this embodiment, a focus bias value FB is provided to the summing circuit 

21 from the CPU 15 via the bus 14 and a digital analog converting circuit 25. This enables the optical pickup 5 to be 
positioned in a focus position corresponding to the focus bias value FB. 

The tracking error signal TE obtained from the tracking error signal forming circuit 13B (Fig. 5) in the matrix circuit 
13 is provided to a drive circuit 30 via a switching input end A of a switching circuit 27, a divider 28, and a phase com- 
25 pensating circuit 29. This allows drive output to be applied to a tracking actuator 31 for the optical pickup 5, resulting in 
the formation of a tracking servo loop. 

In addition, drive output from the drive circuit 30 is provided to a drive circuit 33 via a phase compensating circuit 
32. This allows drive output to be supplied to a thread actuator 34 for the optical pickup 5, resulting in the formation of 
a thread servo loop. 

30 In this embodiment, when a switching control signal Si is provided from the CPU 15 via the bus 14, the switching 

circuit 27 delivers a tracking error signal TE with its polarity inverted by an inverting circuit 35, to the divider 28 through 
the switching input end B. The polarity of the tracking error signal TE is thus inverted. 

The divider 28 receives the RF signal RF from the RF signal forming circuit 13C (Fig. 5) in the matrix circuit 13. This 
allows the signal level of the tracking error signal TE to be normalized according to the magnitude of the signal level of 

35 the RF signaJ RF. Consequently, even if the mounted discs 4 have different reflectance, the amplitude of the tracking 
error signal TE will not be affected by these differences. 

A phase control signal S2 is provided to the phase compensating circuit 29 from the CPU 15 via the bus 14. This 
allows drive output for track jump to be supplied to the tracking actuator 31 from the drive circuit 30 upon track jump. 
Upon track jump, a thread drive signal S5 is delivered to the phase compensating circuit 32 from the CPU 15 via 

40 the bus 14. The phase compensating circuit 32 then drives the thread actuator 34 via the drive circuit 33 to cause the 
optical pickup 5 to perform a thread operation. 

The RF signal obtained from the RF signal forming circuit 13C in the matrix circuit 13 is controlled by an AGC circuit 
38 to a predetermined gain and then provided to an RF signal demodulating circuit 39. The RF signal demodulating cir- 
cuit 39 demodulates reproduced data DATA1 from the RF signal RF as the results of integral detection, and externally 

45 sends the reproduced data DATA1 via the switching input end A of the switching circuit 40 as reproduced data DATA 
from the optical recording medium reproducing apparatus 1 . 

If when demodulating the reproduced data DATA1, the RF signal demodulating circuit 39 cannot correct an error 
based on error correction code (ECC) information provided for each frame, it sends put an error flag signal EF1 to the 
CPU 15 via the bus 14. This enables the CPU 15 to determine whether or not reproduced data DATA1 can be appropri- 

so ately demodulated from the RF signal from the currently mounted disc 4 based on the integral detecting method. 

In this embodiment, the RF signal demodulating circuit 39 includes an RF reference clock generating circuit, and 
supplies a difference signal S3 between the current RF reference clock signal and a clock signal for the demodulated 
RF signal to a spindle servo circuit 41 to drive and control the spindle motor 3 so as to reduce the difference signal S3 
to zero, resulting in the formation of a spindle servo loop. 

55 The tangential push-pull signal TPP obtained from the tangential push-pull signal forming circuit 13D (Fig. 5) in the 
matrix circuit 13 is delivered to an RF signal demodulating circuit 46 via a tangential push-pull signal processing circuit 
45. The RF signal demodulating circuit 46 thus demodulates reproduced data DATA2 as the results of differential detec- 
tion, and externally sends the data DATA2 via the switching input end B of the switching circuit 40 as reproduced DATA 
from the optical recording medium reproducing apparatus 1. 
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If when demodulating the reproduced data DATA2, the RF signal demodulating circuit 46 cannot correct an error 
based on the ECC information provided for each frame, it sends out an error flag signal EF2 to the CPU 1 5 via the bus 
14. This enables the CPU 15 to determine whether or not reproduced data DATA2 can be appropriately demodulated 
from the RF signal from the currently mounted disc 4 based on the differential detecting method. 

When determining based on the error flag signal EF1 that the error upon the demodulation of the reproduced data 
DATA1. obtained by the integral detecting method is large, the CPU 15 supplies a switching control signal S4 to the 
switching circuit 40 via the bus 14 so as to cause the circuit 40 to perform a switching operation. This allows the repro- 
duced data DATA2 obtained by the differential detecting method to be sent out via the switching circuit 40 as reproduced 
data DATA from the optical recording medium reproducing apparatus 1 . 

Thus, if the data cannot be correctly reproduced from the results of the integral detection, the results of the differ- 
ential detection in place of the integral detection can be sent out instead as the reproduced data. 

in this .embodiment, ..the tracking.errorsignal TE.can.be.loaded in the. CPU 15 via a tracking error amplitude detect- 
ing circuit 51, an analog digital converting circuit 52, and the bus 14. The CPU 15 can provide control compatible with 
the disc 4 by identifying the tracking error conditions of the optical pickup 5. 

In Addition, the amplitude of the RF signal RF is detected by an RF amplitude detecting circuit 55, and supplied to 
the CPU 15 via an analog digital converting circuit 56 and the bus 14. This enables the CPU 15 to determine the ampli- 
tude of the RF signal. 

The RF signal RF is also provided to an asymmetry modulation degree detecting circuit 58. Upon reading data 1 1T 
to 3T from the disc 4 as recorded information, the asymmetry modulation degree detecting circuit 58 supplies an asym- 
metry detection signal ASY to the CPU 15 via the bus 1 4 indicating the asymmetry of the lengths of the land and the pit 
in the RF signal, and sends out modulation degree detection signals M (1 1T and 3T) for the longest data 1 1T and the 
shortest data 3T, respectively, to the CPU 15 via the bus 14. 

As shown in Fig. 6, in the asymmetry modulation degree detecting circuit 58, a differential circuit 58A differentiates 
the RF signal RF, and the output of the differential circuit 58A is then compared to a ground potential by a comparing 
circuit 58B in order to obtain a rectangular wave signal S1 1 (Fig. 8(B)) with its signal level rising or falling when the RF 
signal of a data length of 3T to 1 1 T (Fig. 7) reaches a peak or a bottom level, respectively. An edge detecting circuit 58C 
further obtains a rising and a falling edge detection pulses S12A and S12B corresponding to the rising and the falling 
edge of the rectangular wave signal S1 1 , and provides it to a sampling pulse forming circuit 58D. 

The sampling pulse forming circuit 58D then generates sampling pulses S13A and S13B corresponding to the ris- 
ing pulse S12A and the falling pulse S12B. This allows sampling hold circuits 58E and 58F to sample and hold the sig- 
nal level of the RF signal using a sampling pulse (Fig. 8(C)) rising when the light spot passes the leading and the trailing 
end of a pit PX, as shown in Fig. 8(A). The sample hold value is accumulated in a peak bottom hold circuit 58G. 

The peak bottom hold circuit 58G thus has the peak and bottom values for the shortest data 3T to the longest data 
accumulated therein. A modulation degree asymmetry operation circuit 58H executes arithmetic operations for the fol- 
lowing equations (1) to (3) based on the peak and the bottom values of the longest pit, for example, 11TTOP and 
1 1TBTM and the peak and the bottom values of the shortest pit, for example, 3TTOP and 3TBTM. 

M(11T)= ll1T 7 P " il1B ™ (1 ) 
'l1TOP 

M( 3T) = ' 3T ° P '' 3B ™ (2) 

ACV 03TOP + '3BTm) * 0 11TOP + 1 IIBTm) 

At>Y = TTJ\ Tj S ( 3 ) 

The modulation degree asymmetry operation circuit 58H thus determines the modulation degrees (1 1T and 3T) of 
the longest and the shortest pits as well as the asymmetry and then sends them out as the output of the asymmetry 
modulation degree detecting circuit 58. 

The CPU 15 can thus confirm the modulation degree and asymmetry of the reproduced information recorded on the 
currently mounted disc 4, based on the RF signal. 

Furthermore, the push-pull signal PP from the push-pull signal forming circuit 13E (Fig. 5) in the matrix circuit 13 is 
delivered to an absolute time in the pregroove (ATIP) data demodulating circuit 60. The absolute time in the pregroove 
data ATIP demodulated by the absolute time in the pregroove (ATIP) data demodulating circuit 60 is supplied to the 
CPU 15 via the bus 14. 

Thus, when a recordable optical disc (referred to as a "CD-R") with a pregroove according to the standard is 
mounted as the disc 4, the CPU 15 can confirm the absolute time in the pregroove data ATIP inserted into the pregroove 
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according to a specified cycle (for example, a 10 field cycle). 

In the above configuration, when either a high or a iow recording density optical disc is loaded as the disc 4, the 
central processing unit (the CPU) 15 of the optical recording medium reproducing apparatus 1 sets reproducing condi- 
tions for the apparatus 1 by carrying out a calibration procedure RTO in Fig. 9. 
" 5 After entering the calibration procedure RTO, the CPU 15 first executes a subroutine RT1 to set as a focus bias 

default value an optimal focus bias value for a high recording density disc as the mounted disc 4. 

If the data can then be reproduced correctly, the CPU 15 proceeds to step SPO to end the calibration procedure. . 
Otherwise, the CPU 15 determines that a low recording density disc has been loaded as the disc 4, and proceeds to 
the next subroutine RT2. 

io In the subroutine RT2, the CPU 15 determines an optimal polarity of the tracking error signal for the mounted disc 

4, and in the subsequent subroutine RT3, sets the focus bias value to the preset focus bias value specified for the type 
of the.mounted disc, as.first focus .bias value adjustment processing. 

\ If required, the CPU 15 then proceeds to a subroutine RT4 to carry out second focus bias adjustment processing, 
thereby adjusting the focus bias value according to the recording conditions of the information recorded on the mounted 

15 disc 4. 

After the focus bias value adjustment has been finished, the CPU 15 determines whether the integral or the differ- 
ential detecting processing is used to demodulate the RF signal obtained from the mounted disc 4 according to the con- 
ditions of the RF signal in a subroutine RT5, and then ends the calibration procedure RTO in step SPO. 

Therefore, the CPU 15 can set optimal reproducing conditions depending on the standards for the mounted disc 4 
20 and the recording conditions of the recorded information in order to set reproducing conditions for the optical recording 
medium reproducing apparatus 1 so that the apparatus can compatibly reproduce various optical discs. 

(2) Calibration Processing 

25 In this embodiment, the CPU 15 executes the following processing in the subroutines RT1 to RT5 constituting the 

calibration procedure RTO. 

(2-1) Inputting a default focus bias value (RT1) 

30 After entering the subroutine RT1 for inputting a default focus bias value in Fig. 9, as shown in Fig. 10, in step SP1 , 

the CPU 15 first sets as a focus bias value FB a high recording density focus bias value DFH that is most suited to the 
reproduction of high recording density discs. 

The default high recording density focus bias value DFH is stored in the preset ROM 16 as the initial value set on 
the program. The CPU 15 supplies the default high recording density focus bias value DFH from the bus 14 via the dig- 

35 ital analog converting circuit 25 to the summing circuit 21 constituting the focus servo loop, as the focus bias value. 

The CPU 15 subsequently proceeds to step SP2 to turn on the focus servo loop, the tracking servo loop, and the 
spindle servo loop, and the focusing actuator 24 then controls the optical pickup 5 to a focus position corresponding to 
the default high recording density focus bias value DFH. 

Under these conditions, the CPU 15 proceeds to step SP3 to supply the RF signal RF obtained from the RF signal 

40 forming circuit 13C in the matrix circuit 13, to the RF signal demodulating circvit 39 via the AGC circuit 38. The RF signal 
demodulating circuit 39 thus decodes a frame N1 of the reproduced data DATA1 in order to detect the error conditions 
of the data DATA1 on a frame basis based on the error correction codes ECC contained therein, and supplies the error 
flag signal EF1 to the CPU 15 via the bus 14. This causes the CPU 15 to count the number of times when the error flag 
has been generated. 

45 The CPU 15 subsequently proceeds to step SP4 to determine whether or not the number of error flags is larger 

than a specified threshold Th. 

The threshold Th is a value used to determine that the currently mounted disc 4 does not have a high recording 

density (that is, the disc 4 does not require scanning with a light spot formed by a laser beam of a small wave length). 

If a negative result is obtained in step SP4, this means that the currently mounted disc 4 has a high recording density. 
so In this case, the CPU 15 returns to step SPO of the main routine (Fig. 9) from step SP5 to end the calibration procedure 

RTO. 

If a positive result is obtained in step SP4, however, this means that the modulated data based on the RF signal RF 
obtained from the matrix circuit 13 has caused a larger number of error flags than expected for high recording density 
discs to be transferred as the error flag signals EF1 . The CPU 15 thus determines that the currently mounted disc 4 has 
55 a low recording density, and then returns to the subroutine RT2 of the main routine (Fig. 9) from step SP6. 

Thus, the subroutine RT1 for inputting a default focus bias value executes calibration in such a way that the RF sig- 
nal RF is read from the disc 4 with the focus bias value initialized so as to form an optimal light spot L2 for the repro- 
duction of a pit P2 of a width W2 (Fig. 2) required for high recording density discs. Thus, in step SP4, the CPU 15 
determines whether the disc 4 has a high or a low recording density, and in the case of a high recording density disc, 
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sets an optimal focus bias value for the reproduction of the disc. 

Otherwise, the CPU 15 subsequently carries out the subroutines RT2 to RT5 of the main routine (Fig. 9). 

(2-2) Determining the tracking polarity (RT2) 

Upon entering the subroutine RT2 for determining the tracking polarity from the subroutine RT1 for inputting a 
default focus bias value in the main routine (Fig. 9), the CPU 15 turns on the focus servo loop, the tracking servo loop, 
and the spindle servo loop in step SP1 1 in Fig. 1 1. The CPU 15 then sets the focus bias value FB to the default bias 
value DFL for low recording density discs in step SP12. 

The CPU 15 subsequently proceeds to step SP13 to provide the switching control signal S1 via the bus 14 to the 
switching circuit 27 in the tracking servo loop to cause the circuit 27 to switch to the switching input end A. This provides 
control in such a way that the tracking error signal TE sent out from, the jracking .errocsignal forming circuit 13B in the 
matrix circuit 13 is directly passed to the divider 28. 

Under these conditions, when a low recording density optical disc is mounted as the disc 4, the CPU 15 uses the 
RF signal demodulating circuit 39 to demodulate the RF signal RF from the RF signal forming circuit 13C in the matrix 
circuit 13 in order to count for N2 frames the number of error flags detected for each frame of the reproduced data 
DATA1 based on the error correction codes ECC added to the frame in the subsequent step SP14, and determines the 
count of error flags MO in the next step SP15. 

When, however, an optical disc with a pregroove (a CD-R) is mounted as the disc 4, the CPU 15 uses the absolute 
time in the pregroove (ATIP) data demodulating circuit 60 to demodulate the push-pull signal PP from the push-pull sig- 
nal forming circuit 1 3E in the matrix circuit 13 in order to count for N2 frames the number of error flags detected for each 
frame of the reproduced data DATA1 based on the error correction codes CRC added to the frame in step SP14, and 
determines the count of error flags MO in the next step SP15. 

The CPU 15 subsequently delivers the switching control signal Si to the switching circuit 27 to switch the circuit 27 
to the switching input end B in step SP1 6. Consequently, the tracking error signal TE the polarity of which is inverted by 
the inverting circuit 35 is passed to the divider 28 via the switching input end B. This allows the polarity of the tracking 
error signal TE to be inverted. 

Under these conditions, as in step SP14, the CPU 15 counts for N2 frames the number of error flags detected for 
each frame based on the error correction codes ECC in the RF signal or the error correction codes CRC in the absolute 
time in the pregroove (ATIP) data in Step S17, and determines the count of error flags M1 based on the results of the 
count in step SP1 8. 

The CPU 15 subsequently proceeds to step SP19 to determine whether or not the count MO is smaller than the 
count M1, and if the result is positive, sets the switching circuit 27 to the switching input end A in step SP20, and then 
returns to the subroutine RT3 of the main routine (Fig. 9) from step SP21 . 

If, however, the result is negative in step SP19, the CPU 15 sets the switching circuit 27 to the switching input end 
B in step SP19, and then returns to the subroutine RT3 of the main routine (Fig. 9) from step SP21 . 

In this manner, the CPU 15 executes the subroutine RT2 for determining the tracking polarity in order to set to a 
polarity that reduces the number of error flags in the reproduced data DATA1, the polarity of the tracking error signal 
that must be fed back to the tracking servo loop when an optimal default focus bias value for low recording density opti- 
cal discs has been supplied. This enables the polarity of the tracking error signal to be set so as to feed back to the 
tracking servo loop a tracking error signal appropriate for the currently mounted low recording density optical disc 4. 

For write once type optical discs (for example, CD-Rs) that enable data to be reproduced as in pits in optical discs 
for reproduction only by irradiating a pigment with a laser beam to vary the conditions of the pigment, the polarity of the 
tracking error signal is determined by the relationship between the wave length of the laser beam and the depth of the 
grooves. Thus, although the polarity of the tracking error may be inverted if a laser for high recording density recording 
media, that is, a laser of a small wave length is used, the above processing provides an appropriate polarity of the track- 
ing error. 

(2-3) First focus bias value adjustment (RT3) 

Upon entering the subroutine RT3 for first focus bias value adjustment of the main routine (Fig. 9), the CPU 15 turns 
on the focus servo loop, the tracking servo loop, and the spindle servo loop in step SP31. as shown in Fig. 12. In step 
SP32, the CPU 1 5 provides the thread drive signal S5 via the bus 1 4 to the phase compensating circuit 32 for the thread 
actuator 34 in order to cause the optical pickup 5 to seek to the leadin area of the storage area of the currently mounted 
disc 4. The CPU 15 subsequently reads the absolute time in the pregroove (ATIP) information reproduced from the 
Table of Contents (TOC) area of the leadin area in step SP33. It then determines in step SP34 whether or not there are 
matching time information ATIP. 

The positive result in step SP34 means that the currently mounted disc 4 is a recordable optical disc in which opti- 
cal pits containing recorded information are formed in the pregroove (for example, a CD-R). The CPU 15 then proceeds 
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to step SP35 to set a preset value corresponding to the absolute time in the pregroove information ATIP as the focus 
bias value (that is, to rewrite the preset value DFL (step SP12 in Fig. 11) recorded in the drive circuit 23 in the focusing 
servo loop). 

The CPU 1 5 thus ends the subroutine for first focus bias value adjustment, and returns to the subroutine RT5 of the 
5 main routine (Fig. 9) in step SP36. 

These discs with the absolute time in the pregroove information ATIP (CD-Rs) include in the ATIP, absolute time in 
the disc information and manufacturer information indicating disc manufacturers. 

The preset ROM 16 of the optical recording medium reproducing apparatus 1 contains preset information for the 
focus bias value, as shown in Fig. 13. Specifically, ATIP information showing disc manufacturers and the preset focus 
io bias values corresponding to each disc manufacturer are stored in a table. Thus, when the table contains ATIP informa- 
tion matching the ATIP information obtained in step SP33, the focus bias value corresponding to this ATIP information 
can be set by reading. it -from, the table. 

The preset focus bias value that has been written to the preset ROM 1 6 in correspondence to the device manufac- 
turer of the currently mounted disc 4 can thus be set as the focus bias value in order to set an optimal focus bias value 
is for the currently mounted optical disc. 

If the result is negative in step SP34, the currently mounted disc does not have a pregroove and is used only for 
reproduction, or the disc is of a write oncie type but has no information on disc manufacturers preset in the preset ROM 
16. The CPU 15 then returns to the subroutine RT4 of the main routine (Fig. 9) from step SP37. 

When the currently mounted disc 4 is a recordable disc with a pregroove (a CD-R), the first focus bias value adjust- 
20 ment is Fig. 12 enables the preset focus bias value recorded on the disc (the CD-R) to be used to set the optical pickup 
5 in an optimal focus bias position. 

(2-4) Second focus bias value adjustment (RT4) 

25 When the result is negative in step SP34 of the subroutine RT3 for the first focus bias value adjustment and the 

CPU 15 thus returns to the subroutine RT4 from step SP37, the CPU 15 enters a second focus bias value adjustment 
in Figs. 14 to 16. In step SP40, the CPU 15 first sets as the focus bias value a default focus bias value FBD representing 
an optimal focus bias value when the currently mounted disc 4 has a low recording density. 

The CPU 15 also sets at zero a loop count value X representing the number of loop operations within the process- 

30 ing routine RT4. It proceeds to the next step SP41 to turn on the focusing servo loop, the tracking servo loop, and the 
spindle servo loop. 

In the subsequent step SP42, the CPU 15 uses the RF signal amplitude detecting circuit 55 to detect the amplitude 
of the RF signal RF obtained from the RF signal forming circuit 13C in the matrix circuit 13, and stores the results of the 
detection in the RAM 17 as the RF signal amplitude value RFN via the analog digital converting circuit 56 and the bus 
35 14. In the subsequent step SP43, the CPU 15 determines whether or not the stored RF signal amplitude value RFN 
exceeds a threshold A1 . 

A positive result in this step means that the currently set focus bias value FB (=FBD) is appropriate for the 
recorded information to be read from the currently mounted low density disc 4. The CPU 1 5 then proceeds to step SP44 
to store the currently set focus bias value FB in the RAM 17 as a focus bias value FBRF(X) that is effective when the 
40 number of loop operations is X. 

The CPU 15 then passes to step SP45 to determine whether or not the RF signal amplitude value RFN stored in 
step SP42 is larger than a maximum RF signal amplitude value RFN stored in the RAM 17, and if so, passes to step 
SP46 to store the RF signal amplitude value larger than the maximum RF signal amplitude value RFM in the RAM 17 
as a new maximum RF signal amplitude value RFM. The CPU 15 subsequently stores the effective focus bias value 
45 FBRF(X) stored in step SP44, in the RAM 17 as a maximum RF focus bias value in step SP47. 

In the determination in step SP45. the initial maximum RF signal amplitude value is assumed to be zero. 

In this manner, the CPU 15 leaves in the RAM 17 a maximum RF focus bias value FBRFMAX that results in the 
maximum RF signal amplitude when the tracking servo loop is turned on and when the number of loop operations is X. 

In the next step SP48, the CPU 15 turns the tracking servo off with the focusing servo turned on. It then stores as 
so a detected tracking error signal value TEN the amplitude of the tracking error signal TE obtained from the tracking error 
signal forming circuit 13B in the matrix circuit 13 in step SP49. It then determines in step SP50 whether or not the 
detected tracking error signal value TEN is larger than a threshold A2. 

A positive result in this step means that the current focus bias value is valid. The CPU 15 then proceeds to step 
SP51 to store the current focus bias value FB in the RAM 1 7 as the effective focus bias value FBTE(X), and determines 
55 in step SP52 whether or not the detected tracking error signal value TEN is larger than a maximum tracking error signal 
amplitude value TEM. 

A positive result in this step means that the amplitude value of the currently detected tracking error signal TE has 
the maximum value. The CPU 15 then stores the amplitude value of the currently detected tracking error signal TE in 
the RAM 17 as the maximum tracking error signal amplitude value TEM in step SP53, and also stores the effective 
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focus bias value FBTE(X) stored in step SP51. in the RAM 1 7 as a maximum tracking error focus bias value FBTEMAX 

T n hl h rpf !Trr a,iC ? n 5 S u P SP52 ' the maXimUm traCking error si 9 nal amp,itude va,ue ™ « initially set at zero ' 
is turned off maximum tracking error signal value in the RAM 17 whenever the tracking servo loop 

5 The CPU 15 subsequently passes to step SPSS to confirm that the number of loop operations X is smaller than a 

maximum number of .oop operations Xm. and increments this number by 1 in step SP56. °t then sets a new focus 
value FB by adding a constant value C to it in step SP57, and then returns to the above step SP41 It then repeats tS 
same loop operation processing for the number of loop operations X+l. 

While in step SP57, the number of loop operations X is sequentially incremented by the constant value C until it 

10 reaches its max.mum value Xm, the CPU 15 stores in the RAM 17 the focus bias values FBRF(X) and FBTE(X) that are 

ZZuTlTZ 9 " rp 6 " °T d : h6n " iS tUmed 0ff> ' 6spective, K ^eps SP44 and SP51. and also s ores n 
the RAM 1 7 the maximum RF signal ampl.tude value RFM and the maximum tracking error signal amplitude value TEM 
which are obtained when the tracking is turned on and when it is turned off, respectively, in steps SP46 and SPsV 

is ues ^Fi^lS^f^^^"^ prOCeSsin9 from step SP40 to SP57 ' the 9^P of effective focus bias val- 
is ues FBRF(X) and FBTE(X) obtained from the respecfve loop operations are stored in the RAM 17. and within the qrouo 
of effective focus bias values the RF and the tracking error signal amplitude values obtained when the RF signal RF 

RFM 2 XT* / 1 ^ maXimUm V3,UeS 3re ' eft the RAM 17 as the ma * imum RF ^ amplitude value 
RFM and the maximum tracking error signal amplitude value TEM, respectively 

a . th * f° v e loop operations, a negative result in steps SP43 to SP50 means that the detected RF signal value RFN 
and the detected I tracking error signal value TEN which are detected in steps SP42 and SP49. respectively are invalid 
in this ^se. the CPU if 5 skips the processing in steps SP44 to SP47 and SP51 to SP54. and proceeds to step SP48 
and SP55 from steps SP43 and SP50, respectively. 

A I "ff'^ reSUlt in steps SP4S and SP52 mean s both the detected RF signal amplitude value RFN and the 
t*T?£?,T n9 err ° r h S,9nal amplitude va,ue TEN which obtained when the effective focus bias values FBRF(X) 
and FBTE(X) are not the max.mum value. In this case, the CPU 15 passes to steps SP48 and SPSS without executino 
the processing in steps SP46 and SP47. and SP53 and SP54 respectively. executing 

FB ^^InZZr^r^ 9 ! 0 f ,6PS SP41 t0 SP57> the CPU 15 s *^ntially increments the focus bias value 
LrSmpntc°tH , k £ " e thS IO ° P ° Perati0n P focessin 9 in steps SP60 and subsequent steps, it sequentially 
decrements this value by the constant value C each time a single loop operation is performed 

anH T hat is ' in sXep i f P60 t0 SP67 ' the CPU 1 5 stores in the RAM 17 the group of effective focus bias values FBRF(X) 
the >lto™stZs SP40 ^ al 4 a 7 mpHtude Va,ue RFM and tne ™*™ pp **u. bias value FBRFMAX, as described' in 
In steps SPSS to SP74, the CPU 15 stores the group of effective focus bias values FBTE(X) obtained when the 
tracking servo ,s turned off and when the focusing servo is turned on, as well as the maximum tracking error stana" 
amplitude value TEM, as described in the above steps SP48 to SP54 

rtpJ^f niSf T 9 thiS r r ° Ce c S D S ^^ e CPU 15 PaSSSS 10 Step SP80 t0 Ermine a group of comprehensive effective 
detected focus bias values FBOK(X) assuming that the groups of effective focus bias values FBRF(X) and FBTEOO 

Al and A^ rSSly and ^ *"* ^ reSpeC,ive '» are within effective «W abole the threshoHs 

The CPU 15 subsequently proceeds to step SP81 to determine optimal focus bias values FBI FB2 and FB3 based 
on three determination criteria. ' ' oasea 

A first determination criterion is that the CPU 15 determines as a first optimal focus bias value FB1 one of the com- 
FBR FMAX de,eCt6d f ° CUS ValU6S FBOK(X) Wh ' Ch iS Cl ° SeSt t0 th6 maX,mum de,ected RF ,ocus bias valu * 

A second determination criterion is that the CPU 1 5 determines as a second optimal focus bias value FB2 one of 

Z^IZZ^JS!™ f ° CUS ^ Va ' UeS FBOK(X) 18 d0SeSt <° d — d -King 

A third determination criterion is that the CPU 15 determines as a third optimal focus bias value FB3 the central 

value of the comprehensive effective detected focus bias values FBOK(X). 

The second focus bias value adjustment ends when the first, second, and third.optimal focus bias values FBI FB2 

tine (Fig g^frorrfslep SPsV^ mam6r ' * 6 1 5 ^ ^ r6tUmS t0 ,he subroutine RT5 of the main ™' ' 

in FiaTl l^?* Z°rtu,T nSny ^ l m ° unted as the disc 4 " b * e * ecu,in 9 the second focus bias value adjustment 
I V u increments the focus bias value by the constant value C to determine the range of effective 

ocus bias values within which the RF signal can have a sufficient magnitude to be detected when the tracking servo 

l^lT^fl Z T d WithiP WhlCh the amplitude ° f ,he ,racWn9 error sj 9 nal can als ° ^ve a sufficient magnitude 
to be detected. It then determines the optimal focus bias values FBI, FB2. and FB3 from the group of effective focus 
bias values. The CPU 15 can thus reliably set a focus bias value that enables the obtention of the RF and the tracking 
error signals of sufficient amplitudes to reproduce the information recorded on the currently mounted low recording den 
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sity disc 4. 

(2-5) Selecting an RF signal (RT5) 

5 In the subroutine for selecting an RF signal (RT5), the CPU 15 determines whether the switching circuit 40 is to be 

set to the switching input end A or B by determining whether the data DATA1 demodulated by the RF signal modulating 
circuit 39 or the reproduced data DATA2 demodulated by the RF signal demodulating circuit 46 is optimal in terms of 
the error rate, the modulation degree, and the asymmetry value. 

Upon entering the procedure RT5 for selecting an RF signal, the CPU 15 first executes a first selecting processing 

w routine RT 51 (Fig. 17). 

In step SP91 in which the integral detection method is used to reproduce the reproduced data DATA1 , the CPU 15 
counts.f.or„N3.frames„errodlag.signals EE1 .detected by the RF signal demodulating circuit 39 on a. frame basis to obtain . 
the'Tiumber of error flags E0. 

The CPU 15 subsequently proceeds to step SP92 in which the differential detection method is used to reproduce 
75 the reproduced data DATA2, the CPU 15 counts for N3 frames error flag signals EF2 detected by the RF signal demod- 
ulating circuit 46 on a frame basis to obtain the number of error flags E1. 

In the next step SP93, the CPU 15 determines whether or not the number of error flags E0 is smaller than the 
number of error flags E 1 . 

. A positive result in this step means that a smaller number of error flags can be obtained from the currently mounted 
20 disc 4 by using the integral detecting method to demodulate the reproduced data DATA1. The CPU 15 then passes to 
step SP94 to add 1 to an A count value A (initially set to zero), and then proceeds to step SP95. 

A negative result in step SP93, however, means that for the currently mounted disc 4, a smaller number of error 
flags can be obtained when the reproduced data DATA2 is demodulated by the differential detection method. The CPU 
15 then passes to step SP96 to add 1 to an B count value B (initially set to zero), and then proceeds to step SP95. 
25 In this manner, the CPU 15 determines in terms of the characteristics of the error rate whether the integral or the 

differential detection method is optimal, and stores the count value A or B plus 1 as the result of determination. 

As shown in Fig. 18(A), when the currently mounted disc 4 has data recorded in pits P1 of a width Wl required for 
low recording density whereas the optical pickup 5 uses a laser beam of a small wave length to form a light spot L2 of 
a small diameter, the RF signal obtained by the RF signal forming circuit 13C in the matrix circuit 13 using the integral 
30 detection method is subjected to changes in its level as shown by the solid and the broken lines in Fig. 18(B) only when 
the light spot L2 enters and leaves the pit P1 . 

Consequently, the recorded information cannot be reproduced using the integral detection as described above in 
Fig. 3(B). In Fig. 18(A), however, the tangential push-pull signal is as shown in Fig. 18(C), and differentiating this signal 
results in the signal shown in Fig. 18(D). The edge position of the pit can be detected from the signal in Fig. 18(D), so 
35 the recorded information can be reproduced. 

That is, even if the adjustment of the focus bias value is insufficient for the reproduction of a low recording density 
recording medium and the condition shown in Fig. 1(A) cannot be achieved, the recorded information can be repro- 
duced by switching to the differential detection. 

Next, in step SP95, the CPU 15 detects the modulation degree of data 1 1T or 3T according to Equations (1) and 
40 (2) described above, using the detection outputs M (1 1 T and 3T) obtained by the asymmetry modulation degree detect- 
ing circuit 58 and based on the RF signal RF obtained by the RF signal forming circuit 13C in the matrix circuit 13, and 
in the next step SP97, determines whether or not the demodulation degree is higher than or equal to the threshold. 

A positive result in this step means that the focus bias value can be adjusted accurately whether the disc has a high 
or a low recording density and that the integral detection enables the data to be substantially sufficiently reproduced. 
45 The CPU 15 then proceeds to step SP98 to add 1 to the A count value A, and then passes to step SP99. 

A negative result in step SP97, however, means that the focus bias value cannot be reliably adjusted whether the 
disc has a high or a low recording density and that the integral detection does not enable the data to be substantially 
sufficiently reproduced. 

The CPU 15 then proceeds to step SP100 to add 1 to the B count value, and then passes to step SP99. 
so In this manner, the CPU 1 5 determines in terms of the characteristics of the demodulation degree whether the inte- 

gral or the differential detection method is optimal, and stores the count value A or B plus 1 as the results of determina- 
tion. 

In step SP99, the CPU 15 detects the asymmetry value ASY for the land and the pit according to Equation (3), 
using the detection output ASY obtained by the asymmetry demodulation degree detecting circuit 58 and based on the 
55 RF signal RF obtained by the RF signal forming circuit 13C in the matrix circuit 13, and in the next step SP101, deter- 
mines whether the asymmetry value ASY is within a predetermined range. 

r A positive result in this step means that the asymmetry of the land and the pit has a sufficient value for the data to 
be reproduced. The CPU 15 then proceeds to step SP102 to add 1 to the count value A, and then passes to step 
SP103. 
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A negative result in step SP1 01 , however, means that the results of the integral detection do not provide a svmme 
Next in step SP103 the CPU 15 determines whether or not the count value A is larger than the count value B If 
inste^F^ 

rtTZlTrTll , ^ rePr0dUCed d3ta ° btained b * the inte 9 ral and »• differentSctTng 

ods. thereby reliably selecting a comprehensively optimal detection method aeiecimg metn 

seleSJ rRF^r ,e ^ Pr ° CeSSin9 r ° Utine RTS1 (R ' 9 - 1 7) ° an 66 C3rried ° Ut 10 P r0Cess the P ro ^ure RT5 for 
That is. as a second method for processing the selecting procedure RT5. the CPU 1 5 enters the selection nmr B « 
■ng routine RT52 and in steps SP111 to SP113. executes the same processing as in stlp^ ^STS^ 
processing procedure in Fig. 17, as shown in Fig. 19. P ° bP93 0f the 

th» r Whe " determin '"9 from a P° si «™ result in step SP1 13 that a smaller number of error flags can be obtained from 
he currently mounted d.sc 4 by using the integral detecting method to reproduce the reproduced data the CPuTs StT 
U.sw.tch.ng circuit 40 to the switching input end A in step SP114, and then returns^^PoVig sffrom sSp 

25 oht^^f^h d ^ ,erminin9 from a ne 9 ative resu| t in step SP113 that a smaller number of error flags can be 
Z rPM T t t he J= urrent, y. mount «' <** 4 by using the differential detecting method to reproduce the reprSce^data 

9) from sZ 35 is' " ^ t0 *" SW ' tChin9 B * "» ^ ^ ^ ^ ^p SPO (fL' 

sn r^Jn* SeC °w d method com P risin 9 the selecting processing subroutine RT52 in Fig. 19 serves to implement an ootical 
oo recording ^medium reproducing apparatus that select either the use of the integral detecting method toTeo <^uce S 

- Ne *L-?* a thifd mSth0d f ° r P rocessin 9 the selecting procedure RT5. the CPU 15 enters the selectina orocessinn 

9) from ste P Sl 2 4 e 9 drCUit 40 * SMi " 9 «« * h St6p SP123 ' and then £l£SS£j 

Hp n r?f n In r t e,y ' ^ h6n ^ termi " in 9 from a "dative result in step SP122 that an RF signal with a sufficient modulation 
££S the CPuZ ^ * * ^ differential d ^ method * "SSS 

toTep SPO (f£' 9) from step SP124 tCh ' nS 4 ° t0 ^ ^ B in St6p SP125 ' and ^ ^urns 

In this manner, based on whether or not the pits of the currently mounted disc 4 can be detected at a sufficient mod 
data to * ♦ T m „ e,h0d C ° mPriSin9 lhe Se,GCtin9 Pr ° cessin 9 subroutine ™ in Fig. 20^eS?££S 

Sa?a1 ^tn^^bT cSST dU °? ^ USin9 ^ inte9ra ' det6Ctin9 m6th0d 10 r6pr&dUCe the «»P^S2£ 
™ IhL Vl! P f 1 detected at a sufficient modulation degree and otherwise using the differential detectino 

processing procedure in Fig. 17, as shown in Fig. 21. 6 
nh ta ^» d6t ^ minin9 from a P° sitive resu " " step SP132 that an RF signal with a sufficient asymmetry value can be 
the CP^ ^T'Vl m ° Un,ed d,SC 4 by USin9 ,hS ime9ral d6tectin9 method * ^produce'the ZJuc^a 
9) from step 8^134 ' C ' rCUIt 40 * ^ SW ' tChin9 ~« A ^ StSP SP133 ' and then rel — * ■*> SPO (Rg 

Conversely when determining from a negative result in step SP132 that an RF signal with a sufficient asvmmetrv 

n^^ b ^^^^T nt ■? , diSC 4 ^ US,n9 ^ differentia ' d6,eCtin9 ^S^SSS 
reproduced data, the CPU 15 sets the switching circuit 40 to the switching input end B in step SP135. and then returns 
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to step SPO (Fig. 9) from step SP134. 

In this manner, the fourth method comprising the selecting processing routine RT54 in Fig. 21 selects either the 
data obtained by the integral detecting method or the data obtained by the differential detecting method based on 
whether or not the asymmetry value ASY is appropriate. 

5 

(2-6) Summary of calibration processing 

As described above, the CPU 15 carries out the calibration processing procedure RTO in Fig. 9 and ends it when 
the number of error flags obtained is smaller than the threshold if in the subroutine RT1 for inputting a default focus bias 
10 value, the CPU sets as the initial value an optimal default focus bias value for a light spot of a small wave length required 
for a high recording density, because in this case, the currently mounted disc 4 has a high recording density. 

If, however, the number of error flags is larger than or equal to the threshold when the default. focus bias value is 
initialized, the CPU 15 determines that the mounted disc 4 has a low recording density, and executes the routine RT2 
for determining the tracking polarity (Fig. 11). This allows the polarity of the tracking error signal obtained from the cur- 
15 rently mounted disc 4 to be set so as to reduce the number of errors. This in turn enables reproducing conditions to be 
set so as to adequately control tracking according to the characteristics of the mounted disc 4. 

Under these conditions, the CPU 15 carries out the subroutine RT3 for adjusting the focus bias value (Fig. 12) to 
determine whether the mounted disc 4 includes the absolute time in the pregroove (ATIP) information. If so, the CPU 
15 sets an optimal focus bias value for the disc with a pregroove. 
20 As a result, if a disc with a pregroove is mount e,d as the disc 4, the focus bias value can be set so as to obtain a 

light spot of a diameter compatible with this disc. 

If, however, a disc without a pregroove is mounted as the disc 4, the CPU 15 executes the second subroutine RT4 
for adjusting the focus bias value (Figs. 1 4 to 1 6) in order to set the focus bias value so as to obtain a light spot diameter 
required to reproduce the mounted low recording density disc 4 with a light spot formed by a laser beam of a small wave, 
25 length. 

The CPU 15 can thus set an optimal light spot diameter for the pit width of a low recording density disc if such a 
disc is mounted. 

Furthermore, the CPU 15 executes the selecting processing subroutine RT5 (Figs. 17 to 21) to set reproducing 
conditions in which the reproduced data obtained by the differential detecting method is used if the reproduced data 
30 obtained by the integral detecting method does not provide higher performance than the reproduced data DATA2 
obtained by the differential detecting method in terms of the number of error flags, the modulation degree of the data, 
and the asymmetry value for the land and the pit. 

Therefore, this apparatus can execute calibration so as to automatically set reproducing conditions in which prac- 
tically sufficiently appropriate reproduced data can be obtained not only when high recording density discs are mounted 
35 but also when low recording density discs are loaded as the disc 4. 

(3) Reproducing recorded information 

The CPU 15 carries out the calibration processing in Fig. 9 to optimize the reproducing conditions of the optical 
40 recording medium reproducing apparatus 1 according to the type of the mounted disc 4. When reproduction is 
requested by using an operation input key 70, the CPU 15 executes the reproducing procedure RT10 shown in Fig. 22 
to reproduce the information recorded on the mounted disc 4. 

Upon entering the reproducing procedure RT10, the CPU 1 5 reads the address that the optical pickup 5 is access- 
ing in step SP151, and determines in step SP152 whether or not a track jump is required. 
45 Here, obtaining a negative result means the optical pickup 5 is accessing the target address. 

The CPU 15 then determines that a seek operation has been finished, proceeds to step SP153 to read the infor- 
mation recorded on the mounted disc 4, and then passes to step SP154 to end the reproducing procedure RT10. 
A positive result in step SP152, however, means that a track jump is required. 

In this case, the CPU 15 proceeds to step SP155 to provide the phase control signal S2 to the phase compensating 
so circuit 29 in the tracking servo loop in order to instruct the circuit to initiate a track jump. It determines in step SP156 
whether the apparatus is in a mode that allows the switching of the reproducing conditions. 

The optical recording medium reproducing apparatus 1 can select either a switching mode that allows the focus 
bias value to be switched depending upon whether a read or a track jump is required or a fixed mode that does not allow 
the switching of the focus bias value. 
55 A positive result in step SP1 56 means that the apparatus is in the switching mode. The CPU 1 5 then passes to step 

SP157 to set as the focus bias value FB the optimal focus bias value FB2 determined as the second determined con- 
dition in step SP81 of the subroutine RT4 for the second focus bias value adjustment (Figs. 14 to 16). It then provides 
this value to the summing circuit 21 . This enables the diameter of the light spot of the optical pickup 5 to be increased 
to obtain a tracking error signal TE with the largest amplitude from the mounted disc 4, resulting in practically sufficient 
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tracking operations. After finishing the setting of the focus bias value in step SP157. the CPU 15 passes to step SP158 
to wait for the track jump to end. H 

A negative result in step SP156, however, means that the apparatus is in the fixed mode. The CPU 15 then pro- 
ceeds to step SP 1 58 to wait for the track jump to end. P 

Once the track jump of the optical pickup 5 has been finished, the CPU 15 proceeds to step SP159 to determine 
whether the apparatus is in the switching mode. If the result is positive, the CPU 15 sets as the focus bias value FB the 
optimal focus bias value FBI determined as the first determined condition in step SP81 of the subroutine RT4 for the 
second focus bias value adjustment in step SP160. and then reads the address in step SP161. The CPU 15 passes to 
step SP162 to determine whether the target address has been reached. 

Since the focus bias value has been set to the focus bias value FB1 in step SP160, the light spot of the optical 
pickup 5 ,s set so that the RF signal will have the largest amplitude. This ensures that the address can be read in step 

In step SP161 , when a disc used only for reproduction is mounted as the disc 4. "the CPU 15 can read the address 
from the reproduced data DATA1 reproduced by the RF signal demodulating circuit 39. In addition, when a write once 
disc with a Pregroove (a CD-R) is mounted as the disc 4, ft can read the address from the absolute time in the pregroove 
ATIP data obtained by the absolute time in the pregroove (ATIP) data modulating circuit 60 

A negative result in step SP159. however, means that the apparatus is in the fixed mode. In this case, instead of 
setting the focus bias value FB in step SP160, the CPU 15 skips this step and passes to step SP162 
so above s S tep SP155 ' ""^ determininQ that the tar9et address ha s not been reached yet, the CPU 15 returns to the 

If. however the result is positive in step SP162. the CPU 15 determines that a seek operation has been finished 
and executes the read operation in the above step SP153. The CPU 15 then ends the reproducing procedure in step 

Since the reproducing procedure RT1 0 in Fig. 22 sets different optimal focus bias values depending upon whether 
25 a track jump or reproduction is to be executed out based on the reproducing conditions set by the calibration procedure 
. (F, °- ?>■ track J um P operations and reproduction can be reliably carried out whether the disc has a high or a 
low recording density. For high recording density discs, the reproducing procedure in Fig. 22 can be coped with by stor- 
ing the default focus bias value DFH for reproduction set in step SP1. in the ROM 16 as FB1 beforehand and also stor- 
ing a focus bias value for a track jump in the ROM 16 as FB2 beforehand. 
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(4) Other embodiments 

(4-1) Although the above embodiments have been described in conjunction with the application of a compact disc 
as the disc 4 that is an optical recording medium, this invention is not limited to this aspect, but may be widely appli- 
cable to various media from which the optical pickup can read the recorded information 
(4-2) Although the above embodiments have been described in conjunction with the use of a compact disc as the 
optical recording medium 1 . this invention is not limited to this aspect, but may be widely applicable to those discs 
which the optical pickup can reproduce. 

40 Industrial Applicability 

The optical recording medium reproducing apparatus according to this invention can be used as an optical disc 
reproducing apparatus. 

The optical recording medium reproducing apparatus according to this invention can also be used as a reproducing 
45 apparatus for optical recording media shaped like rectangles instead of discs and in which a plurality of recording tracte 
are formed so as to be horizontally aligned. 

Description of Reference Numerals 

50 _i* J "• 0pt ' Cal recordin 9 m edium reproducing apparatus, 3 ... spindle motor, 4 ... disc. 5 ... optical pickup 6 laser 
diode, 8 ... beam splitter. 9 ... objective lens. 10 ... lenticular lens, 1 1 ... quarterly dividing detector, 12A to 12D "ampli- 
fying circuit. 13 matrix circuit, 13A ... focusing error signal forming circuit, 13B ... tracking error signal forming circuit 
I ,? "I RF S ' 9nal form,n9 . C ' rCuit ' 130 - tan 9ential push-pull signal forming circuit, 13E ... push-pull signal forming cir- 

« Si ,V' SUmm ' n9 c,rcurt - 22 - 29 - 32 ' 50 - P hase compensating circuit, 23, 30. 33. 51 ... drive circuit, 14 ... bus 15 
ST 1 "w r8Set ' 17 RAM> 24 - foCUsin9 actuator ' 27 - switching circuit, 28 ... divider, 31 ... tracking actuator' 
34 ... thread actuator, 35 ... inverse circuit. 40 ... switching circuit, 41 ... spindle servo, 36 ... AGC circuit 39 46 RF 
signal demodulating circuit. 45 ... tangential push-pull signal processing circuit. 51 ... tracking error signal amplitude 
detecting circuit. 55 ... RF signal amplitude detecting circuit. 58 ... asymmetry modulation degree detecting circuit 60 
... aosoiute time data in the pregroove demodulating circuit, 70 ... operation input key. 
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Claims 

1. An optical recording medium reproducing apparatus for reproducing information recorded on an optical recording 
medium with a plurality of pits formed along recording tracks based on said recorded information, comprising: 

a laser beams emitting means for emitting a laser beam; 

a focus control means for controlling the focusing of said laser beam on said optical recording medium; and 
a control means for controlling said focus control means so as to increase the spot diameter of the laser beam 
emitted onto said optical recording medium when the medium has a low recording density with pits relatively 
sparsely arranged compared to the case in which the medium has a high recording density with pits relatively 
densely arranged. 

2. An optical recording medium reproducing apparatus according to claim 1 wherein 

said control means supplies different focus bias values depending upon whether said optical recording 
medium has a high or a low recording density. 

3. An optical recording medium reproducing apparatus according to claim 2 further comprising: 

a focus detecting means for detecting the focusing of said laser beam on said optical recording medium, 
wherein 

a said focus detecting means controls the focusing of said laser beam emitting means based on a focus bias 
value set by said control means and an output signal from said focus detecting means. 

4. * An optical recording medium reproducing apparatus according to claim 2 further comprising: 

a light receiving means for receiving a laser beam reflected from said optical recording medium; and 

a sum signal generating means for generating a sum signal for said recorded information based on an output 

signal from said light receiving means, wherein: 

said control means controls said focus bias value so that said sum signal will have a maximum value. 

5. An optical recording medium reproducing apparatus according to claim 4 wherein 

said control means varies said focus bias value from a predetermined value to set as an adjusted focus bias 
value the focus bias value obtained when said read signal has a maximum value. 

6. An optical recording medium reproducing apparatus according to claim 4 wherein 

said control means uses a calibration operation to set said focus bias value. 

7. An optical recording medium reproducing apparatus according to claim 2 wherein 

said control means uses a calibration operation to set at least a focus bias value for said low recording den- 
sity recording medium. 

8. An optical recording medium reproducing apparatus according to claim 7 further comprising: 

a storage means for storing default high and low recording density focus bias values, wherein: 

said control means uses as an initial value one of said default high and low recording density focus bias val- 
ues to perform a calibration operation in order to adjust said initial value. 

9. An optical recording medium reproducing apparatus according to claim 8 further comprising: 

a light receiving means for receiving a laser beam reflected from said optical recording medium; and 

an error detecting means for detecting the error condition of an output signal from said light receiving means 

wherein:. 

said control means sets as said initial value one of said default high and low recording density focus bias 
values based on the error condition of the output signal from said light receiving means. 

10. An optical recording medium reproducing apparatus according to claim 9 further comprising: 
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a storage means for storing the relationship between information data and a preset value wherein: 

said control means reproduces information data recorded in the predetermined region of said optical record- 
-9 medium using sa,d default high or low recording density focus bias value based on the output^nal Sut^m 
s^^T* meanS ' Wh6rein Wh6n th6 rGpr ° duCed information date etches any informal £S 
■ng dlta ^ meanS ' ^ ^ ,0CUS biaS Va,Ue at 3 P reset va,ue relatin 9 to ^e matS 

1 1 . An optical recording medium reproducing apparatus according to claim 2 further comprising: 

a light receiving means for receiving a laser beam reflected from said optical recording medium- and 

a servo error s.gnai generating means for generating a servo error signal indicating a servoerror of said laser 

, means'wTereTn.- * * ° PtiCa ' reC ° rdinQ ^ °" ^ from 

said control means sets said focus bias value so that said servo error signal will have a predetermined value. 

12. An optical recording medium reproducing apparatus according to claim 11 wherein 

said servo error signal is a tracking error signal. 

13. An optical recording medium reproducing apparatus according to claim 11 wherein 

said servo error signal is a differential push-pull signal. 



1 4. An optical recording medium reproducing apparatus according to claim 2 further comprising: 

a light receiving means for receiving a laser beam reflected from said optical recording medium- 

lw S ?enerating .means for generating a sum signal relating to said recorded information based on an 

output signal from said light receiving means; and 

a servo error signal generating means for generating a servo error signal indicating a servo error of said laser 
T^Z*! ' * r6C ° rdin9 ba " d ° n an ° Utput ™^ f ™ the^ht receiving 



said control means sets said focus bias value at a value that meets a first condition in which said sum signal 
^J^ZZ^ ,0 3 f ' rSt thr6Sh0,d " WhiCh Sa ' d S6rVO 6fr0r Si 9 nal has a value '"an or ^a, to a 

1 5. An optical recording medium reproducing apparatus according to claim 14 wherein 

which ^nZT* m6anS f tS aS an adjusted focus bias val "e of focus bias values meeting said first condition 
which also meets a second cond.tion that said sum signal has a value closest to said maximum value. 

1 6. An optical recording medium reproducing apparatus according to claim 14 wherein 

which ^Z"ll? meanS f tS a " an a ? us1ed focus bias one of focus bias values meeting said first condition 
which also meets a second cond.t.on that said servo error signal has a value closest to said maximum value. 

17. An optical recording medium reproducing apparatus according to claim 16 wherein 

said servo error signal is a tracking error signal. 

18. An optical recording medium reproducing apparatus according to claim 2 further comprising: 

a light receiving means for receiving a laser beam reflected from said optical recording medium- 

a sum signal generat.ng means for generating a sum signal for said recorded information based on an output 

signal from said light receiving means; and 

p^Z 6 ^ 0 ' Si9P f f neratin .9 means for generating a servo error signal indicating a servo error of said laser 
means wherein ' feCOrdi " 9 medium ' based on an outout si Qnal from the light receiving 

d P ^ m ^ C n 0r !H 0l K meanS , S ? 35 ^ ad,USted f ° CUS bi3S ValUS 3 va,ue that meets the first con ^ion and which is 

iSrlT, r 3 w ran9e ° f S3id f ° CUS b ' aS V3,UeS that Serve ,0 provide said sum si 9 nal *at exceeds 
sa,d first threshold and a second range of said focus bias values that serve to provide said servo error signal that 
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exceeds said second threshold. 

19. An optical recording medium reproducing apparatus according to claim 18 wherein 

said control means sets as the adjusted focus bias value a central value of the area in which said first and 
second ranges of focus bias values that meet said first condition and overlap each other. 

20. An optical recording medium reproducing apparatus according to claim 2 wherein 

said control means controls said focus bias control means in such a way that it provides different focus bias 
values depending upon the apparatus executes reproduction or a track jump. 

21. An optical recording medium reproducing apparatus according to claim 1 further comprising: - 

a light receiving means for receiving a laser beam reflected from said optical recording medium; 

a servo error signal generating means for generating a servo error signal based on an output signal from the 

light receiving means; 

a polarity detecting means for detecting the polarity of said servo error signal; and 

a polarity selecting means for selecting the polarity of said servo error signal based on an output signal from 
said polarity detecting means. 

22. An optical recording medium reproducing apparatus according to claim 21 wherein said polarity detecting means 
includes: 

information data generating means for generating the information data demodulated by a predetermined 
method and recorded along said tracks in said optical recording medium based on an output signal from the 
light receiving means; and 

a polarity determining means for determining the polarity of said servo error signal depending upon whether 
said information data can be generated correctly by said information data generating means. 

23. An optical recording medium reproducing apparatus according to claim 21 wherein 

said servo error signal is a tracking error signal. 

24. An optical recording medium reproducing apparatus according to claim 1 further comprising: 

a light receiving means for receiving a laser beam reflected from said optical recording medium; 

a sum signal generating means for generating a sum signal for said recorded information based on an output 

signal from said light receiving means; 

a tangential push-pull signal generating means for generating a tangential push-pull signal based on an output 
signal from said light receiving means; 

an error detecting means for detecting the error condition of the output signal from said light receiving means; 
and 

a selecting means for selectively outputting said sum signal and said tangential push-pull signal wherein: 

said control means controls said selecting means based on an output signal from said error detecting 
means. 

25. An optical recording medium reproducing apparatus according to claim 24 wherein 

said error detecting means detects the error condition of said read signal, and wherein: 
said control means controls said selecting means in such a way that it outputs said tangential push-pull sig- 
nal instead of said read signal when said error detecting means determines that said read signal is an error. 

26. An optical recording medium reproducing apparatus according to claim 24 further comprising: 

a modulation degree detecting means for detecting the modulation degree based on the output signal from 
said light receiving means, wherein: 

said error detecting means detects whether or not said modulation degree is larger than or equal to a pre- 
determined value, and wherein: 

said control means controls said selecting means in such a way that it outputs said tangential push-pull sig- 
nal instead of said read signal when said modulation degree detecting means determines that the modulation 
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degree is below the predetermined value. 
27. An optical recording medium reproducing apparatus according to claim 24 further comprising: 

^^^X2 means ,or detecting an asymme{ry va,ue based on the ^ <™ -id 

and JHHZ"* " ^ 8aW asvmmetrv value is within a predetermined range. 

said control means controls said selecting means in such a way that it outputs said tangential push-cull sia- 
nal mstead of sa.d sum signal when said asymmetry value falls out of said predetermined range. 9 

28. An optical recording medium reproducing apparatus according to claim 1 further comprising: 

a light receiving means for receiving a laser beam reflected from said optical recording medium- 

staS ^ meaPS pr0CeSSing inte 9 ral de,ec,ion t0 "id recorded information based on an output 
signal from said light receiving means; H 1 

a differential detection means for processing differential detection to said recorded information based on an 
output signal from said light receiving means; 

anerror detecting means for detecting the error condition of the output signal from said light receiving means; 

lianitZ ~^«Z S fS V ? y ♦° UtPUttin9 ^ ° UtPUt Si9na ' ,f0m S3id inte9ral de,ection means and an output 
signal from said differential detection means, wherein: 

means Said m6anS b8Sed ° n an ° Utput si 9 nal ,rom said *™ detecting 

29 " 2i 0f £1? reCOrdin 9 medium ^producing apparatus according to claim 28 wherein said error detecting means 
detects the error condition of said sum signal, and wherein: reeling means 

H^cnffnT'^ meanS C ° ntr0iS S3id S6leCtin9 means in such a wav ,nat rt the output signal from said 

differential detection means instead of the output signal from said integral detection means when said error deS 
mg means determines that said sum signal is an error. 

30. An optical recording medium reproducing apparatus according to claim 28 further comprising: 

t^hf 0 " dG9ree deteCtin9 m6anS f ° r de,eCting the modula t'° n degree based on the output signal from 
said light receiving means, wherein: y ° m 

riBnon f d err ° r d t teC ' in9 meanS detec,S ,he error condition of tn * output signal from said light receiving means 
wherein'" 9 ^ " ™* mM ° n * ^ tha " ° r ^ ual t0 a Predetermined valuHnd 

,„ said contro1 m eans controls said selecting means in such a way that it outputs the output signal from said 

IteTSS m6a : S inSt6ad ° f ° UtPUt Si9na ' fr ° m Said inte 9 ral det6Cti °" ™*™ when sakf modltion 

degree deteebng means detects that the modulation degree is below the predetermined value. 

J1 . An optical recording medium reproducing apparatus according to claim 28 further comprising: 

ZS^SgSQ™ d6teCtin9 30 — b3Sed « •» oulput signa. from said 

said error detecting means detects the error condition of the output signal from said light receiving means 
depend.no upon whether or not said asymmetry value is within a predetermined range and wherein 
h-« said c ° n,ro1 means con,rols sai °" selecting means in such a way that it outputs the output signal from said 
deferential detection means instead of the output signal from said integral detection means when said asymrne^ 
value is within said predetermined range. *=>ymmeiry 

2. An optical recording medium reproducing apparatus according to claim 1 further comprising:- 

a light receiving means for receiving a laser beam reflected from said optical recording medium; 
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an input sum signal generating means for generating an input sum signal relating to said recorded information 
based on an output signal from said light receiving means; 

a tracking error signal generating means for generating a tracking error signal based on the output signal from 
the light receiving means; 

a automatic level control means for providing control so as to maintain a constant signal level of said input sum 
signal and outputting an output sum signal; and 

a normalizing means for normalizing the signal level of said tracking error signal based on the signal level of 
said input sum signal. 

33. An optical recording medium reproducing apparatus according to claim 2 further comprising: 

a storage means for storing a first focus bias value for the reproduction of a high density recording medium and 

a second focus bias value for the reproduction of a low density recording medium; and 

a light receiving means for receiving a laser beam reflected from said optical recording medium, wherein: 

said control means selects one of said first and second focus bias values based on an output signal from the 
light receiving means and supplies the selected focus bias value to said focus bias control means. 

34. An optical recording medium reproducing apparatus according to claim 33 further comprising: 

an error detecting means for detecting the error condition of the output signal from said receiving means, 
wherein 

said control means selects one of said first and second focus bias values based on an output signal from the 
error detecting means. 

35. An optical recording medium reproducing apparatus according to claim 34 wherein 

after setting said first focus bias value, said control means uses said error detecting means to detect the 
error condition of the output signal from said light receiving means, and wherein when said error detecting means 
detects that the output signal from said light receiving means is an error, said control means supplies said focus 
bias control means with said second focus bias value instead of said first focus bias value. 

36. An optical recording medium reproducing apparatus according to claim 24 further comprising: 

a modulation degree detecting means for detecting the modulation degree based on the output signal from 
said light receiving means; and 

an asymmetry detecting means for detecting an asymmetry value based on the output signal from said light 
receiving means, wherein: 

said error detecting means detects the error condition of at least said sum signal, and wherein: 
said control means controls said selecting means based on the output of said error detecting means, said 
modulation degree, and said asymmetry value. 

37. An optical recording medium reproducing apparatus according to claim 36 wherein 

said error detecting means, said modulation degree detecting means, and said asymmetry detecting means 
each select either said sum signal or said tangential push-pull signal, and wherein 

said control means controls said selecting means based on the outputs of said error detecting means, said 
modulation degree detecting means, and said asymmetry detecting means under majority rule. 

38. An optical recording medium reproducing apparatus according to claim 28 further comprising: 

a modulation degree detecting means for detecting the modulation degree based on the output signal from 
said light receiving means; and 

an asymmetry detecting means for detecting an asymmetry value based on the output signal from said light 
receiving means, wherein: 

said error detecting means detects the error condition of at least said integral detection means, and wherein: 
said control means controls said selecting means based on the output of said error detecting means, said 
modulation degree, and said asymmetry value. 
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39. An optical recording medium reproducing apparatus according to claim 38 wherein said error detecting means, 
said modulation degree detecting means, and said asymmetry detecting means each select either the output signal 
from said integral detection means or the output signal from said differential detection means, and wherein 

said control means controls said selecting means based on the outputs of said error detecting means, said 
modulation degree detecting means, and said asymmetry detecting means under majority rule. 

Amended claims under Art. 19.1 PCT 

1 . An optical recording medium reproducing apparatus for reproducing information recorded on an optical recording 
medium a plurality of pits formed along recording tracks based on recorded information, comprising: 

a laser beams emitting. means for emitting a laser beam; 

a focus control means for controlling the focusing of said laser beam on said optical recording medium; and 
a control means for controlling said focus control means so as to increase the spot diameter of the laser beam 
emitted onto said optical recording medium when the medium has a low recording density with pits relatively 
sparsely arranged compared to the case in which the medium has a high recording density with pits relatively 
densely arranged. 

2. An optical recording medium reproducing apparatus according to claim 1 wherein 

said control means supplies different focus bias values depending upon whether said optical recording 
medium has a high or a low recording density. 

3. An optical recording medium reproducing apparatus according to claim 2 further comprising: 

a focus detecting means for detecting the focusing of said laser beam on said optical recording medium, 
wherein 

said focus detecting means controls the focusing of said laser beam emitting means based on a focus bias 
value set by said control means and an output signal from said focus detecting means. 

4. (Amended) An optical recording medium reproducing apparatus according to claim 2 further comprising: 

a light receiving means for receiving a laser beam reflected from said optical recording medium; and 

a read signal generating means for generating a read signal for said recorded information based on an output 

signal from said light receiving means, wherein: 

said control means controls said focus bias value so that said read signal will have a maximum value. 

5. An optical recording medium reproducing apparatus according to claim 4 wherein 

said control means varies said focus bias value from a predetermined value to set as an adjusted focus bias 
value the focus bias value obtained when said read signal has a maximum value. 

6. An optical recording medium reproducing apparatus according to claim 4 wherein 

said control means uses a calibration operation to set said focus bias value. 

7. An optical recording medium reproducing apparatus according to claim 2 wherein 

said control means uses a calibration operation to set at least a focus bias vaiue for said low recording den- 
sity recording medium. 

8. An optical recording medium reproducing apparatus according to claim 7 further comprising: - 

a storage means for storing default high and low recording density focus bias values, wherein: 

said control means uses as an initial vaiue one of said default high and low recording density focus bias val- 
ues to perform a calibration operation in order to adjust said initial value. 

9. An optical recording medium reproducing apparatus according to claim 8 further comprising: 

a light receiving means for receiving a laser beam reflected from said optical recording medium; and 
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an error detecting means for detecting the error condition of an output signal from said light receiving means 
wherein: 

said control means sets as said initial value one of said default high and low recording density focus bias 
values based on the error condition of the output signal from said light receiving means. 

10. An optical recording medium reproducing apparatus according to claim 9 further comprising: 

a storage means for storing the relationship between information data and a preset value wherein: 

said control means reproduces information data recorded in the predetermined region of said optical record- 
ing medium using said default high or low recording density focus bias-value-based onthe output signal-output from 
said light receiving means, and wherein when the reproduced information data matches any information data 
stored in said storage means, said control means sets said focus bias value at a preset value relating to the match- 
ing data. 

1 1. An optical recording medium reproducing apparatus according to claim 2 further comprising: 

a light receiving means for receiving a laser beam reflected from said optical recording medium; and 
a servo error signal generating means for generating a servo error signal indicating a servo error of said laser 
emitting means relative to said optical recording medium, based on an output signal from the light receiving 
means, wherein: 

said control means sets said focus bias value so that said servo error signal will have a predetermined value. 

12. An optical recording medium reproducing apparatus according to claim 1 1 wherein 

said servo error signal is a tracking error signal. 

13. An optical recording medium reproducing apparatus according to claim 11 wherein 

said servo error signal is a differential push-pull signal. 

14. (Amended) An optical recording medium reproducing apparatus according to claim 2 further comprising: 

a light receiving means for receiving a laser beam reflected from said optical recording medium; 

a read signal generating means for generating a read signal relating to said recorded information based on an 

output signal from said light receiving means; and 

a servo error signal generating means for generating a servo error signal indicating a servo error of said laser 
emitting means relative to said optical recording medium, based on an output signal from the light receiving 
means, wherein: 

said control means sets said focus bias value at a value that meets a f irst condition in which said read signal 
is larger than or equal to a first threshold and in which said servo error signal has a value larger than or equal to a 
second threshold. 

15. (Amended) An optical recording medium reproducing apparatus according to claim 14 wherein 

said control means sets as an adjusted focus bias value one of focus bias values meeting said first condition 
which also meets a second condition that said read signal has a value closest to said maximum value. 

16. An optical recording medium reproducing apparatus according to claim 14 wherein 

said control means sets as adjusted focus bias value one of focus bias values meeting said first condition 
which also meets a second condition that said servo error signal has a value closest to said maximum value. 

17. An optical recording medium reproducing apparatus according to claim 16 wherein 

said servo error signal is a tracking error signal. 

18. (Amended) An optical recording medium reproducing apparatus according to claim 2 further comprising: 

a light receiving means for receiving a laser beam reflected from said optical recording medium; 

a read signal generating means for generating a read signal for said recorded information based on an output 



21 



EP 0 753 845 A1 



signal from said light receiving means; and 

a servo error signal generating means for generating a servo error signal indicating a servo error of said laser 
emitting means relative to said optical recording medium, based on an output signal from the light receiving 
means, wherein: 

said control means sets as an the adjusted focus bias value a value that meets the first condition and which 
is determined on the basis of a first range of said focus bias values that serve to provide said read signal that 
exceeds said first threshold and a second range of said focus bias values that serve to provide said servo error sig- 
nal that exceeds said second threshold. 

19. An optical recording medium reproducing apparatus according to claim 18 wherein 

said control means sets as the adjusted focus bias value a central value of the area in which said first and 
second ranges of focus bias values that meet said first condition and overlap each other. 

20. An optical recording medium reproducing apparatus according to claim 2 wherein 

said control means controls said focus bias control means in such a way that it provides different focus bias 
values depending upon the apparatus executes reproduction or a track jump. 

21. An optical recording medium reproducing apparatus according to claim 1 further comprising: 

a light receiving means for receiving a laser beam reflected from said optical recording medium; 

a servo error signal generating means for generating a servo error signal based on an output signal from the 

light receiving means; 

a polarity detecting means for detecting the polarity of said servo error signal; and 

a polarity selecting means for selecting the polarity of said servo error signal based on an output signal from 
said polarity detecting means. 

22. An optical recording medium reproducing apparatus according to claim 21 wherein 

said polarity detecting means includes an information data generating means for generating the information 
data demodulated by a predetermined method and recorded along said tracks in said optical recording medium 
based on an output signal from the light receiving means; and 

a polarity determining means for determining the polarity of said servo error signal depending upon whether 
said information data can be generated correctly by said information data generating means. 

23. An optical recording medium reproducing apparatus according to claim 21 wherein 

said servo error signal is a tracking error signal. 

24. (Amended) An optical recording medium reproducing apparatus according to claim 1 further comprising: 

a light receiving means for receiving a laser beam reflected from said optical recording medium; 

a read signal generating means for generating a read signal for said recorded information based on an output 

signal from said light receiving means; 

a tangential push-pull signal generating means for generating a tangential push-pull signal based on an output 
signal from said light receiving means; 

an error detecting means for detecting the error condition of the output signal from said light receiving means; 
and 

a selecting means for selectively outputting said read signal and said tangential push-pull signal wherein: 

said control means controls said selecting means based on an output signal from said error detecting 
means. 

25. An optical recording medium reproducing apparatus according to claim 24 wherein 

said error detecting means detects the error condition of said read signal, and wherein: 
said control means controls said selecting means in such a way that it outputs said tangential push-pull sig- 
nal instead of said read signal, when said error detecting means determines that said read signal is an error. 

26. An optical recording medium reproducing apparatus according to claim 24 further comprising: 

a modulation degree detecting means for detecting the modulation degree based on the output signal from 
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said light receiving means, wherein: 

said error detecting means detects whether or not said modulation degree is larger than or equal to a pre- 
determined value, and wherein: 

said control means controls said selecting means in such a way that it outputs said tangential push-pull sig- 
nal instead of said read signal when said modulation degree detecting means determines that the modulation 
degree is below the predetermined value. 

27. (Amended) An optical recording medium reproducing apparatus according to claim 24 further comprising: 

an asymmetry value detecting means for detecting an asymmetry value based on the output signal from said 
light receiving means, wherein: ■• - 

said error detecting means detects whether or not said asymmetry value is within a predetermined range, 
and wherein: 

said control means controls said selecting means in such a way that it outputs said tangential push-pull sig- 
nal instead of said read signal when said asymmetry value falls out of said predetermined range. 

, 28. An optical recording medium reproducing apparatus according to claim 1 further comprising: 

a light receiving means for receiving a laser beam reflected from said optical recording medium; 

an integral detection means for processing integral detection to said recorded information based on an output 

signal from said light receiving means; 

a differential detection means for processing differential detection to said recorded information based on an 
output signal from said light receiving means; 

an error detecting means for detecting the error condition of the output signal from said light receiving means; 
and 

a selecting means for selectively outputting an output signal from said integral detection means and an output 
signal from said differential detection means, wherein: 

said control means controls said selecting means based on an output signal from said error detecting 
means. 

29. (Amended) An optical recording medium reproducing apparatus according to claim 28 wherein 

said error detecting means detects the error condition of said read signal, and wherein: 
said control means controls said selecting means in such a way that it outputs the output signal from said 
differential detection means instead of the output signal from said integral detection means when said error detect- 
ing means determines that said read signal is an error. 

30. An optical recording medium reproducing apparatus according to claim 28 further comprising: 

a modulation degree detecting means for detecting the modulation degree based on the output signal from 
said light receiving means, wherein: 

said error detecting means detects the error condition of the output signal from said light receiving means 
depending upon whether or not said modulation degree is larger than or equal to a predetermined value, and 
wherein: 

said control means controls said selecting means in such a way that it outputs the output signal from said 
differential detection means instead of the output signal from said integral detection means when said modulation 
degree detecting means detects that the modulation degree is below the predetermined value. 

31. An optical recording medium reproducing apparatus according to claim 28 further comprising: 

an asymmetry value detecting means for detecting an asymmetry value based on the output signal from said 
light receiving means, wherein: 

said error detecting means detects the error condition of the output signal from said light receiving means 
depending upon whether or not said asymmetry value is within a predetermined range, and wherein: 

said control means controls said selecting means in such a way that it outputs the output signal from said 
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differential .detection means instead of the output signal from said integral detection means when said asymmetry 
value is within said predetermined range. 

32. (Amended) An optical recording medium reproducing apparatus according to claim 1 further comprising: 

a light receiving means for receiving a laser beam reflected from said optical recording medium; 

an input read signal generating means for generating an input read signal relating to said recorded information 

based on an output signal from said light receiving means; 

a tracking error signal generating means for generating a tracking error signal based on the output signal from 
the light receiving means; 

an automatic level control means for providing control so as to maintain a constant signal level of said input 

read signal and outputting an output read signal; and - - 

a normalizing means for normalizing the signal level of said tracking error signal based on the signal level of 
said input read signal. 

33. An optical recording medium reproducing apparatus according to claim 2 further comprising: 

a storage means for storing a first focus bias value for the reproduction of a high density recording medium and 

a second focus bias value for the reproduction of a low density recording medium; and 

a light receiving means for receiving a laser beam reflected from said optical recording medium, wherein: 

said control means selects one of said first and second focus bias values based on an output signal from the 
light receiving means and supplies the selected focus bias value to said focus bias control means. 

34. An optical recording medium reproducing apparatus according to claim 33 further comprising: 

an error detecting means for detecting the error condition of the output signal from said receiving means, 
wherein said control means selects one of said first and second focus bias values based on an output signal 
from the error detecting means. 

35. An optical recording medium reproducing apparatus according to claim 34 wherein 

after setting said first focus bias value, said control means uses said error detecting means to detect the 
error condition of the output signal from said light receiving means, and wherein when said error detecting means 
detects that the output signal from said light receiving means is an error, said control means supplies said focus 
bias control means with said second focus bias value instead of said first focus bias value. 

36. (Amended) An optical recording medium reproducing apparatus according to claim 24 further comprising: 

a modulation degree detecting means for detecting the modulation degree based on the output signal from 
said light receiving means; and 

an asymmetry detecting means for detecting an asymmetry value based on the output signal from said light 
receiving means, wherein: 

said error detecting means detects the error condition of at least said read signal, and wherein: 
said control means controls said selecting means based on the output of said error detecting means, said 
modulation degree, and said asymmetry value. 

37. (Amended) An optical recording medium reproducing apparatus according to claim 36 wherein 

said error detecting means, said modulation degree detecting means, and said asymmetry detecting means 
each select either said read signal or said tangential push-pull signal, and wherein 

said control means controls said selecting means based on the outputs of said error detecting means, said 
modulation degree detecting means, and said asymmetry detecting means under majority rule. 

38. An optical recording medium reproducing apparatus according to claim 28 further comprising: 

a modulation degree detecting means for detecting the modulation degree based on the output signal from 
said light receiving means; and 

an asymmetry detecting means for detecting an asymmetry value based on the output signal from said light 
receiving means, wherein: 
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said error detecting means detects the error condition of at least said integral detection means, and wherein: 
said control means controls said selecting means based on the output of said error detecting means, said 
modulation degree, and said asymmetry value. 

39. An optical recording medium reproducing apparatus according to claim 38 wherein 

said error detecting means, said modulation degree detecting means, and said asymmetry detecting means 

each select either the output signal from said integral detection means or the output signal from said differential 

detection means, and wherein 

said control means controls said selecting means based on the outputs of said error detecting means, said 

modulation degree detecting means, and said asymmetry detecting means under majority rule. 
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